Abstract-Research in data mining, also known as knowledge discovery in databases, aims at developing intelligent tools to automatically search large volumes of data for patterns. Biomedicine is a data-intensive field that forms one of the most important application domains in data mining and knowledge discovery. Index Terms-Biomedical informatics, data mining, information systems, relevance in research.
I. INTRODUCTION

D
ATA mining aims at identifying "valid, novel, potentially useful, and ultimately understandable patterns in data" [1] . This is achieved by the development and application of intelligent tools that help to accumulate and process data and make use of it. The data mining processes used to extract and verify patterns in data form the core of the knowledge discovery process. Data mining bridges several areas, including databases, statistics, machine learning, and human-computer interaction. Although the field of data mining is still relatively young (it is only about a decade old), many data mining algorithms exist for direct use or for integration into a specific solution in various application domains.
Modern biology and medicine are data-intensive sciences that generate large volumes of complex and heterogeneous data. They represent one of the most important application domains for data mining. Biomedical informatics is a discipline related to bioinformatics and has its roots in medical informatics [2] . It studies the use of information technology and advanced research computing in the practice of biomedical sciences and medicine. Biomedical data mining may be considered as one of the most important subareas in biomedical informatics, and the goal of which is the study of the discovery of important patterns or regularities in the huge volumes of biomedical data.
Although many data mining techniques are available today, they are relatively rarely used in practice to get valuable knowledge. One of the main reasons for this, we believe, is that the emphasis in current data mining research is on its rigor rather than its relevance, i.e., there is a serious misbalance between rigor and relevance in data mining research. Encouraging applied data mining research with the focus on practical aspects is one way to fight this misbalance. This special section aims at Digital Object Identifier 10.1109/TITB.2006.876197 improving this situation by focusing on the advances of applied data mining in the field of biomedicine.
This editorial is organized as follows. In Section II, we discuss the importance of relevance in research, which is currently perhaps the most important issue facing data mining. In Section III, we discuss the contents of this special section and introduce selected manuscripts. Finally, in Section IV, we present the conclusions.
II. ON THE NEED OF RELEVANCE IN DATA MINING RESEARCH
Data mining systems may be regarded as information systems. Information systems are usually defined as "powerful instruments for organizational problem solving through formal information processing" [3] . The information systems discipline is a much more mature discipline than data mining and has strong traditions in taking into account human and organizational aspects of information technology. We believe that the field of data mining would benefit from paying better attention to the results already achieved by this discipline.
However, the field of data mining is historically more related to the AI, pattern recognition, statistical, and database communities, though there are no particular objective reasons for that [4] , [5] . Although the field of data mining, according to the last ACM Computing Classification System [6] , is considered to be a subdiscipline of the information systems field, there is a big gap between the data mining and information systems communities. Each of the two scientific communities publishes its own journals and books and organizes conferences that rarely cover the same issues. This situation is not beneficial to either of the communities since they often work on the same problems.
In the information systems research, the so-called rigor/relevance tradeoff is a proven fact [7] . In empirical research the so-called "richness of worldly realism" associated with relevance is opposed to the "tightness of control," so that at the same level of knowledge they form an iso-epistemic curve representing the fundamental tradeoff [8] . In general, studies considered rigorous are those that are aware of prior theoretical and empirical research on the topic being examined, effectively apply appropriate formal methods, and convincingly employ tight and concise reasoning in interpreting implications and conclusions. Studies considered relevant are those that address current or enduring topics of interest to practice and produce easily accessible and implementable outcomes [7] . Optimally, studies should be both rigorous and relevant. With regard to a particular scientific discipline, it is better if there is a balance between rigor and relevance in research studies since this helps to move the isoepistomic curve further up toward better knowledge in the field.
We believe that the same tradeoff takes place in data mining, given its applied nature. While the research in information systems is more balanced paying enough attention to both theoretical and practical aspects, the data mining research is strongly biased toward rigor. Data mining academics have emphasized rigor over relevance in their published work. This is well demonstrated in [9] : "we see many papers proposing incremental refinements in association rule algorithms, but very few papers describing how the discovered association rules are used."
We think that this misbalance is one of the most important issues, if not the most important, data mining is facing today, and this problem concerns biomedicine in particular. The focus in published data mining articles dedicated to the field of biomedicine is often on improving performance of data mining models (e.g., classification accuracy of diagnostic rules), and not on the implementation issues, and applicability and the practical significance of the results. Unfortunately, these later questions are often neglected. There is no surprise in that since most researchers working in the field of data mining come from such communities as statistics, databases, machine learning, and AI, all of which have a strong emphasis on the rigor of research rather than on its relevance.
We believe that one way to fight this serious problem is to encourage applied data mining research and to concentrate on different possible application areas of data mining separately trying to find some commonalities. This special section contributes toward balancing the rigor-relevance issue by focusing on the application domain of biomedical informatics.
However, it is important to notice that merely focusing on applied research is not enough. All aspects related to relevance should be addressed in the studies equally well. Most data-mining-related conferences and journals try to address the problem of the lack of relevance in research by introducing special sections with application-oriented papers. However, unfortunately, these papers are usually considered to have lower value by the data mining community, and most of such papers, even considering real-world data mining systems, are still focused on aspects related rather to rigor than to relevance.
Data mining research should be relevant not only with regard to its comprehensibility and utility for data miners, but also for the professionals in the areas where data mining techniques are applied. At present it looks like data miners are doing research for themselves mostly and not for the experts in application fields. One way to improve relevance in data mining research is to encourage collaboration between data miners and the experts in various application domains. Clearly, it is difficult to evaluate and apply data mining findings without access to the special knowledge in the application field. Most papers included in this special section have both Ph.D. and M.D. degrees as coauthors or are written by data mining experts in a close collaboration with the representatives of the biomedical sector.
In order for data mining research to become more relevant, it should better address the following questions [7] .
• Does data mining research produce the knowledge that can be used in daily work?
• Does it address the problems or challenges that are of concern to professionals in the application fields? • Does it focus on current technological and business issues?
• Are data mining research articles accessible to and read and referenced by professionals in the application fields? Another important way to improve the balance between rigor and relevance in data mining research is to better understand the current situation in data mining research by encouraging metaresearch, research about data mining research. Unfortunately, such kind of research is virtually absent at present. Hopefully, there will be more papers and workshops that address this question in the near future.
Interestingly, in biomedicine itself, academia and practice are quite well integrated. Medical schools are located nearside and inside hospitals, and most researchers are also practitioners or at least active consultants. Unfortunately, this does not apply to biomedical informatics, at least not to the same extent. Hopefully, there will be more biomedical informatics research centers coupled with hospitals and biomedical companies as well soon.
III. ARTICLES SELECTED FOR THE SPECIAL SECTION IEEE CBMS is an annual event organized by the IEEE Technical Committee on Computational Medicine (TCCM) of the IEEE Computer Society, and IEEE CBMS 2005 was the 18th
conference in the series. The call for papers at IEEE CBMS 2005 generated 236 submissions and 86 manuscripts were selected. Out of these 16 were invited to submit full papers to this special section. All papers were submitted to the normal peer review procedure of this transactions. In the peer review process, one paper was rejected, resulting in the 15 papers published in this special section.
We have arranged the papers into three sections according to the type of data being mined: Signal Processing, Medical Imaging, and General Data Mining. This division is somewhat relative, as some of the algorithms presented could be easily applied to other types of data as well.
The Signal Processing section starts with a paper by Keogh et al. [10] and introduces the problem of finding time-series discords and suggests a simple heuristic algorithm for their discovery. The algorithm is evaluated with a comprehensive set of experiments on electrocardiograms and other medical datasets. Laxminarayan et al. [11] introduce a specialized association rule mining technique that can extract patterns from complex sleep data comprising polysomnographic recordings, clinical summaries, and sleep questionnaire responses. The results reveal clinically interesting associations among the polysomnographic and summary variables. Next, Exarchos et al. [12] present a methodology for the automated detection and classification of transient events in EEG recordings. The methodology, which combines high accuracy with the ability to provide interpretable decisions, is evaluated on 25 EEG recordings. The fourth paper is by Zhang et al. [13] , and this paper introduces a method combining wavelet analysis and Bayesian networks that helps to reduce the required number of repetitions (usually up to 2000) in stimulus-synchronized averaging used in order to pick up the auditory brainstem response (ABR) from the background EEG activity. Three hundred fourteen ABRs with 64 repetitions and 155 ABRs with 128 repetitions recorded from eight subjects are used in the study. Next, Meyer et al. [14] suggest an approach to automatically combine two algorithms, the Pan-Tompkins and wavelet algorithms for R-peak detection. Experimental results and analysis are provided for the MIT-BIH Arrhythmia Database. The last paper in this section by Donnelly et al. [15] proposes a new heuristic technique for searching for a linear boundary in the space of principal components. This method is applied to a dataset recorded from a 192-lead body surface potential mapping system for diagnosing old myocardial infarction.
The Medical Imaging section starts with the paper by Zaia et al. [16] , which proposes a method for MR image analysis able to identify parameters sensitive to bone microarchitecture changes in aging and osteoporosis onset and progression. Clinical application of the method results in a coefficient that may represent a standard for the evaluation of trabecular bone architecture and may be a potentially useful parameter in the early diagnosis of osteoporosis. This is followed by McCreedy et al. [17] presenting a software system called RFAST (the radio frequency ablation segmentation tool). It is based on NIH's Medical Image Processing, Analysis and Visualization (MIPAV) API and leads the physician through the steps necessary to register, fuse, segment, visualize, and plan the radio frequency ablation treatment. Next, Maskery et al. [18] describe algorithms to analyze and visualize breast cancer pathology co-occurrence. With access to a database of pathology reports, collected under a single protocol and reviewed by a single pathologist, the authors conduct an analysis greater in its scope than previous studies looking at breast pathology co-occurrence. The last paper of this section is by Böröczky et al. [19] , which proposes a feature subset selection method based on genetic algorithms to improve the performance of false positive reduction in lung nodule CAD. The proposed approach determines automatically the optimal size of the feature set and chooses the most relevant features from a feature pool.
The last section on General Data Mining starts with the paper by Xie et al. [20] , which presents a model-based approach to extract high-level length of stay patterns of residents in long-term care. Two applications using routinely gathered administrative social care data provided by a local authority in England are presented to demonstrate the potential use of this approach. Next, Bryan et al. [21] propose a stochastic search technique based on simulated annealing for the biclustering of gene expression data. A comparative evaluation of simulated annealing and commonly used node deletion on a variety of datasets demonstrates that simulated annealing is able to discover more significant and biologically verifiable biclusters in many cases. Shaw and Marshall [22] present a Bayesian network-based method for modeling the survival of patients in hospitals, which allows the expected cost to be estimated for the patients' accumulated duration of time in care. An application of the method is illustrated by considering a group of 4260 patients admitted between 1994 and 1997 into the geriatric department of a U.K. hospital. Next, Pechenizkiy et al. [23] study the impact of produced by an expert so-called "natural clustering" of the instance space on dimensionality reduction for classification in the nosocomial infections domain. It is demonstrated experimentally on microbiological data that local dimensionality reduction within natural clusters often results in a better feature space for classification in comparison with the global search in terms of resulting prediction performance. The last paper by Catley et al. [24] studies the use of artificial neural networks to predict high-risk preterm birth for obstetrical patients. The artificial neural networks are trained and tested on cases with eight input variables describing the patient's obstetrical history and the output is preterm birth before 37 weeks gestation.
IV. CONCLUSION
This special section presents advances in biomedical data analysis in 15 selected and extended papers presented at the 18th IEEE International Symposium on Computer-Based Medical Systems, IEEE CBMS 2005. We believe that by considering practically oriented data mining papers in the application domain of biomedicine this section may contribute to improving the rigor-relevance misbalance in data mining research. We hope that this section is interesting for both academics and practitioners working in the fields of both data mining and biomedicine.
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